This article describes a new development of a DC switching power supply for feeding a tetrode tube of a RF system of Siam Photon Source. Derivation of the design formula for the power supply is presented. The proposed supply has a closed-loop control to provide 800Vdc, 500W output with low ripple. Simulation and experimental results confirm the effectiveness of the proposed technology.
INTRODUCTION
Resonant converters offer advantages of low switching losses, low current-and voltage-stresses across switching devices [1, 2] . A recent use of such a converter has been presented with a seriesparallel resonant tank. Although a series-parallel resonant converter offers a combined advantage of series and parallel types [4] , voltage drop across the resonant tank is quite considerable. Observably, researchers have paid their interests in the design of series and series-parallel resonant converters [1] [2] [3] . In contrast, the resonant tank of a parallel resonant converter, a simple LC type, introduces low voltage drop. This converter is also suitable for a constant power load due to its robust stability and efficiency [4] . The work of this paper considers the converter represented by the diagram shown in figure 1a . The paper gives the detailed analysis of a new design formula in terms of converter gain. The proposed design is applied for developing a 800 Vdc 500 W power supply to feed the screen grid of a tetrode tube of the RF system of Siam Photon Source [5] . 
PROPOSED DESIGN FORMULA
The main components of the converter in figure 1a are inverter, LC resonant tank, HF transformer, rectifier, and output filter, respectively. Conventionally, each of the main switches of the three-phase full-bridge inverter carries 180° conduction period to produce six-step output phase voltages. To derive the design formula, the following assumptions are made: the effects of switching losses, leakage inductance and magnetizing inductance of the transformer can be neglected, the LC tanks produce sinusoidal voltages and currents, and a constant load current is achieved through a large inductance L o . Figure  1b depicts the phase-a equivalent circuit of the converter.
The dc voltage across the load referred to the primary side of the transformer is expressed by
.
Under a balanced condition and a constant load current, the input currents to the rectifier are quasisquare. The current ( ) a i t of phase A can be written in Fourier series as .
Regarding to the equivalent circuit shown in figure  1b , the transfer function can be expressed as .
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Hence, the converter gain can be expressed in terms of Q and F as ( )
Equation (6) can be used to obtain the converter gain characteristics useful for a design as illustrated in figure 1c .
PROPOSED POWER SUPPLY
A dc power supply is designed using the gain formula described in the previous section to feed a screen grid of the tetrode tube. In practice, the initial controller results in an output with P.O. as high as 10.33 %. The parameters are further tuned using simulation, and eventually obtained K P = 3, and K I = 900, which result in the power supply output bounded within the specifications.
The implemented converter employs 6 bipolar MOS transistors (IXBH16N170A, 1700V, 16A), and 6 fast switching diodes (RHRP8120, 1200V, 8A). Driving the MOS switches is accomplished by a microcontroller dsPIC30F2020, and a 12-bit ADC MAX174 for the switching frequency range of 77-147 kHz. Simulation results are obtained using PSIM for the case of load resistance R L = 1280 Ω (resistance of the tetrode tube under a steady-state operation). 
CONCLUSION
Converter gain design formula for three-phase parallel resonant converters has been proposed, and successfully applied for designing a 500 W-800 Vdc power supply. The proposed design formula has been applied to a new switching power supply feeding the tetrode tube of the Siam Photon Source. Implementation of the apparatus utilizes power MOS transistors, a dsPIC microcontroller, and an analogue PI-controller as its main components. Our simulated and experimental results confirm the effectiveness of the proposed design approach, and the performance of the newly developed supply.
